This paper is concerned with the development of a haptic sensor system that monitors the human skin conditions. The base of the sensor is an aluminum shell, around which a sponge rubber layer, a PVDF film, a protective acetate film and a gauze are stacked in sequence. The sensor is attached onto the tip of an elastic cantilevered beam and pressed against the human skin. It is then moved by hand over the skin to collect the surface morphological features through the sensor. The characteristics of data are extracted by calculating the variance and the distribution of power intensity over several segmented frequency ranges. Each set of data obtained is used as a training set of data for a neural network that distinguishes the skin with atopic dermatitis from the normal healthy skins. Experimental results show that 100% of recognition is achieved by using the constructed network system.
I . INTRODUCTION
Assessment of the pharmaceutical action of liniments on the skin desease is a matter of importance for the dermatologist, which has drawn much attention to the development of objective measuring techniques on the morphologic features of skin. 1 The evaluation of sustantation of cosmetic efficacy of toiletries is another demand on the objective measuring techniques. The features that affect the health apraisal and/or the physical beauty of skin are the morphology such as rashes, chaps or wrinkles. again not a direct method because of the relative movement of the skin surface while scanning the profile. So far, to the authors' knowledge, no reliable and reproducible measuring technique has been reported on the direct measurement of the dermal surfce conditions. The PVDF(polyvinylidene fluoride) piezofilm is flexible and very sensitive to the fast variation of the stress or strain. Electrical voltage generated by mechanical stress in piezoelectric materials decays due to the charge dissipation. The voltage signal takes the form of a very brief potential wave at the onset of the applied force, and a similar brief wave at the termination. It increases with applied force but drops to zero when the force remains constant. There is no response during the stationary plateau of the applied stumulus. Voltage drops to a negative peak as pressure is removed and subsequently decays to zero.5 The response is quite similar to the response of the Pacinian corpuscle in the human skin,6 one of the sensory receptors in the dermis. This paper is a study on the development of a haptic sensor for monitoring the surface conditions of human skin. The PVDF polymer film is introduced as the receptor of the sensor that collects the morphological features of epidermis directly and noninvasively. The sensor is moved by hand over the sample skin, attempting to maintain a constant speed and force. The voltage signal from the sensor is analyzed to obtain the variation and the distribution of power intensity over several segmented frequency ranges. Each set of data obtained is used as a training set of data for a neural network that identifies the skin with a specific morphological feature. Experimental results show that the present sensor clearly distinguishes the skin with the atopic dermatitis from the other healthy skins.
II . HAPTIC SENSOR SYSTEM
A. PVDF piezofilm sensor A tactile sensor for the measurement of skin surface conditions is presented in Fig.1 The system for measurement using the tribosensor is presented in Fig.2 . The sensor is moved by hand over the sample skin, attempting to maintain a constant speed and force. The voltage signal from the PVDF sensory film is sent to a digital storage oscilloscope as 8 bit quantitized digital signals of 4096 points and then transmitted to a personal computer via a GPIB board for the signal processing. The sampling frequency was held constant at 40kHz. In the process of measurement, it is necessary to reduce the potential differenec between the surface of skin and the sensor to minimize the overlap of noises on the sensor signal. To this end, the subject was earthed as well as the sensor by fitting the grounding conductor around the wrist. Still, some noises from the power sourse and due to the aliasing were observed around 50Hz and 100MHz, respectively. Thus, a band-pass filter of cutoff frequencies 70Hz and 20kHz was inserted after the sensor to remove the noise effect. 
III. SIGNAL PROCESSING AND IDENTIFICATION OF SKINS A. Skin with atopic dermatitis
A factor that affects the skin condition is the dermatitis. The neck skin of subject A which is suffering from the mossybackd atopic dermatitis was compared with the healthy skins of subjects B-E. The sensor was moved by hand over a prescribed region of skin, attempting to maintain a constant speed and force. Figure3 shows the examples of the sensor output on the sample skins. Techniques used in signal processing to extract features of measurement data generally include FFT analysis using the frequency characteristics of time-series data. The power spectra were obtained from the original data of Fig.3 and presented in Figure 4 .
As evident from Figs.3 and 4, the features characterizing the atopic desease are not clearly observed, which means that the atopic skin is rather difficult to discriminate from the direct reading of sensor signals and the spectral density. 
Here, x(j) is the j-th quantitized digital signal, x is the average of x(j), and N is the total number of digital signals. Figure 5 shows the variance obtained on the neck skis of subjects A-E. Each skin was measured 5 times to collect the data for calculation. It is noted that the skin with atopic dermatitis depicts a significant large value of variance compared with the other skins, which means that the variance can be used as a parameter to discriminate the atopic skin from the other skins.
Careful reading of the spectra given in Fig.4 leads to an understanding that some differences are observed on the distribution profiles of spectra Fig.5 Variance of data on five subjects. among the subjects. In light of this, the power spectrum was segmentedin several segmented frequency ranges and the ratio of the power in individual frequency range to the power of whole frequency range was calculated and used as the second index that describes the characters of the sample skin, i.e., (2) where P(f) is the power spectrum density, S is the total power distributed over the frequency range considered, and (S)i is the power at frequency level i. Here, level i (=1-4) stands for the range of the frequency given in Table 1 . Figure 5 shows the distribution of (Rs)i of level 1-4 on five sample skins. It is seen that the relative strength of (Rs)i among the skins varies depending on the level i, which means that the power ratio (Rs)i can be used as a parameter to discriminate the atopic skin from the normal skins. C. Discrimination of skin with atopic dermatitis One employs here the neural network-based training for the recognition of atopic and normal heatly skins. The neural network employed was a hierarchical network; the training method used was instructer-assisted training, in which the correct answers are provided as an aid to training; the training algorithm employed was back-propagation. Two network were examined. One is the network using the four power ratios (Rs)i, i==1-4, as the cell input, while the other is the one using the variance V in addition to the (Rs)i. 5 sets of data were obtained on each individual skin. Thus, the total sets of data were 25. The neural network had an input sensory layer of 4 or 5 cells, an intermediate association layer having the same number of cells as the input layer, and an output response layer with a single cell. The correct output value was set equal to 1 for the atopic skin while 0 for the healthy skin. Training was repeated by using the gradient descent method until the error function becomes sufficiently small, up to 103 and 104 cycles. It occurs very often when using the gradient descent method that the searching point is stationed at a minimum point of the error function, and the training work is interrupted. With this fact in mind, the networks were constructed three times separately for three sets of randomly selected initial values of synaptic weights. After completing the training of 12 individual networks, the recognition experiments were performed on the atopic skin and the healthy skin using newly obtained 5 sets of data on each subject. The results obtained appear in Table  2 . Here, the percentage denotes the rate of correct answer averaged on the three networks of randomly selected initial synaptic weights. The atopic dermatitis cannot be identified without the input of the variance, while the recognition is perfect when the variance was introduced as the input. 
N.CONCLUSIONS
A soft tribosensor having a PVDF piezopolymer film as a sensory receptor was fabricated and its function as a haptic sensor to monitor the human skin conditions was examined. Signals obtained by moving the sensor over the surface of sample skin were processed to obtain the variance and the intensity of power at several segmented frequency ranges and input into a neural network, in attempt to identify the skin conditions. The skin with the atopic dermatitis was compared with the other healthy skins.
100% of recognition was attained on the atopic skin by training the network using the variance and the power intensity fraction.
On going research is directed towards the application of the sensor to the evaluation of sustantation of cosmetic efficacy of toiletalies on the skin together with the acumulation of data on the recognition of dermatitis.
